Abstract-This paper discusses the key issues about multi-train movement simulation on electrified railways. A simulation system has been developed for computational simulation and scheme evaluation. Computing traction power network equation is a CPU-intensive work. The Intel ○ R architecture processors (Pentium III, Pentium4) introduces Streaming SIMD Extensions (SSE), that is an efficient execution model to accelerate of applications on a single processor. As an emphasis, the paper discusses the methods to accelerate the calculation of traction power supply. Main procedures have been redesigned by exploiting SIMD parallelism in PC platform. Some approaches about optimizing the parallel algorithm are adopted during their coding procedure such as unrolling the loop and address computation. Experimental results show that the performance of the optimized algorithm has been improved significantly. The biggest speedup ratio obtained has reached 3.35. Compared with convention algorithm, SSE algorithm enhances performance of train movement simulation more than one time.
INTRODUCTION
Nowadays, the electric locomotive has played an important role in railway transportation. According to the Statistic Book of Chinese Railway, the electric locomotives and electrified kilometrage have been increased greatly since 1990s. For example, electric engine of the total locomotives changed from 16.7% in 1995 to 31.0% in 2005, electrified rate of Chinese railway changed from 17.7% in 1995 to 31.2% in 2005.
Simulation provides a valuable tool in both the design of new infrastructure and the organization of an existed railway. It is now proven to be the cheapest means to carry out performance predication and system behavior characterization. Train movement simulation has been widely adopted as a standard computer-aided engineering tool because of the high cost of building a new railway system or redeveloping an existing one. Train movement is governed by a large number of factors, such as track geometry, signaling, traction equipment characteristics, power supply, and speed restrictions. Simulators with different approaches and scales have been developed for various kinds of studies [1~6] . Single train simulation can dynamically simulate train motion status on a given rail or a new line. Most of all train movement simulation has been aimed to analyze the efficiency of railway operation on single train. However, railway is a large and dynamic network. Many trains interact by the infrastructure, signaling and each other. Multi-train simulator can evaluate proposed timetables and the interaction between the trains under fixedblock system or moving-block system.
An electrified railway line is a huge electrical circuit with feeding substations as sources and trains as moving loads [7] . The voltage of a train may vary with the speed and operational mode of other train. It determines the traction performance and affects train movement. Hence, it is necessary to calculate traction power supply at each time interval. Compared with diesel engine, railway power network simulation is an additional work. With the models of traction power supply and equipment available, the circuit of the electrified railway line is established for the calculation of voltages and currents at various points. Because of the size of the circuit, the power network solution is the most time-consuming step of railway simulation.
The Streaming SIMD extension (SSE) is a special feature that is available in the Intel Pentium III and P4 classes of microprocessors [8] . An application of SSE on electrified railway multi-train movement simulation is described in the following section.
II. STRUCTURE AND CHARACTERISTIC
The train movement simulator for electrified railway has been developed in Visual C++ on Windows 2000/XP platform and is mainly divided into two components. The first component is the multi-train simulator, which is used to calculate the train performance on electrified railway. The other is the scheme evaluation, which assesses the traction performance over a given infrastructure or assumptions of the physical characteristics of a new line. A detailed function configuration of the simulator is shown in Fig. 1 .
The minimizing running time of rail operation and the energy-efficient train control are two calculation modes in the simulator. With the calculation mode of minimizingtime, the simulator will try to bring all trains to their destination as soon as possible. It is used to verify the train traction calculation. The schedule of a practical railroad includes the minimum running time and some additional time. The optimal strategy can utilize the additional time adequately and achieve the target of the minimum energy consumed.
A simulation interval of 1.0 s is employed for the time being, considering execution speed and accuracy of simulation result. If more accurate results are needed, they can be obtained by using shorter simulation intervals. The simulator can provide the driver with the velocity-distance profile, time-distance profile, and the handle-distance profiles of optimization operation for a running train. The simulation results are presented in graphical, textual and AutoCAD formats. 
III. MODEL OF RAILWAY TRACTION POWER SUPPLY
All electric traction power supplies are using AC or DC for the final supply to the trains via some conductor system and track-side substations. DC power supply is mainly used in metro systems where the lines are shorter, trains are lighter and train speed is lower. AC supply technology is used for high level of power required by trains over long distance. Despite of the type of power supply, train and substation are the common nodes in the railway power network.
The voltages at certain nodes of the circuit at each time intervals can be attained by the calculation model of traction power supply. The model is in the form of: YV = I (1) Where, I represents the current produced by the source, V is a vector defining the voltage attained by each node, and Y is node admittance matrix. V is an unknown vector and should be evaluate at each time interval. When the train operation is defined, actual voltage at each node can be calculated by (1) . The train traction efforts and other simulation results can be obtained base on the calculation of traction power supply.
Y is the coefficient matrix of the traction power network equation. The size of the coefficient matrix depends upon the number of nodes in the circuit. It is determined by the numbers of trains on track. We should provide an efficient algorithm for solving medium to large networks, in which there are 200 nodes and more. For AC power supply network, the equations has very large matrices (typically, 200×200 to 500×500). The matrix solution process is the most CPU consuming step in the simulation. According to our simulation results, 81.1% of computational time has been utilized to compute the traction power network equation when forty trains run on the district. Therefore, we propose the solution that parallel computing by Streaming SIMD Extensions (SSE) on a single processor.
IV. PARALLEL SOLUTION
The SSE registers are 128-bit wide and they can store floating-point values, as well as integers. There are eight SSE registers. In the case of integers, eight 16-bit integers can be stored and processed in parallel. Similarly, four 32-bit floating-point values can be manipulated. The new data type designed for the manipulation of the SSE operation is F32vec4 [8] . These data types are defined as C++ classes and can therefore be applied in a C/C++ program directly.
When two vectors of four floating-point values have been loaded into two SSE registers, as shown in Fig. 2 , SIMD operations, such as add, subtract, multiply, divide, etc., can be applied to the two vectors in one step. In addition to the new data types, operations are derived to load, or pack, traditional data, such as floatingpoint values, into the new data structure. As an example, to load, or pack, four floating-point values into an F32vec4, the function _mm_load_ps can be applied. Once data are stored into the 128-bit data structure, functions that can manipulate the F32vec4 type data can be called. This will result in parallel processing for two sets of four floating point values. The function -mm-store_ps is used to convert, or unpack, the data from the F32vec4 type back to four floating-point values and the values are stored in an array.
According to the habit of mathematics, traction power network equation can be expressed as:
Ax b =     (2) LU decomposition is a common method for solving the linear equation. The coefficient matrix A is decomposed into lower and upper triangular matrices L and U. The operations can be represented by: data and multiplied at a single operation. Equation (8) is also represented by parallel computing as: 
In ideal circumstance, the speedup ratio will be obtained 4.0 in SSE algorithm. In order to examine the effectiveness of SSE, we have made some experiments to solve the linear equation by applying SSE functions. Actually, the speedup ratio doses not exceed 1.6 in our experiments. As described in above pseudo codes, some additional operations waste the processing time and affect the performance of SSE algorithm. For example, the algorithm need convert data from standard floating-point values to F32vec4 type value and vice-versa. During LU decomposition with SSE functions, four elements in a row are evaluated in a single step. However, the matrix is not always the multiple of 4. Some extra elements must be added into the matrix to solve the align problem. These functions are main reasons why practical speedup ratio is smaller than ideal value.
In order to obtain better performance, we have utilized some approaches to optimize SSE algorithm. The coefficient matrix of the traction power network equation is usually sparse type. Situating zero elements is the essence technology during the procedure of computing ik a .
Unrolling the loop has the function to reduce the processing time of loop jumping. Address computation is used to avoid packing data into and unpacking data from the 128-bit In this paper, we presented an efficient execution model to accelerate train simulation on electrified railway. Application of SSE to the train movement simulation is realized in the PC platform. Experimental results show that train performances with optimized algorithm have been improved significantly. The biggest speedup ratio obtained has reached 3.35. SSE algorithm is fully embedded into electrified railway multi-train movement simulator. 50% of the processing time can be reduced when forty trains are running on an electrified district in the simulation. In addition, SSE algorithm is only used on a single processor and additional hardware is not required. Therefore, SSE is a valuable tool for improving the performance of train movement simulation on electrified railway.
